or metritis with abortion. Clinical signs and lesions for the latter two presentations are not pathognomonic for listeriosis. Listeria-induced meningoencephalitis causes central nervous system signs with characteristic histologic lesions of microabscesses in the brain stem. However, definitive diagnosis requires isolation of the agent. Isolation of L. monocytogenes may require weeks, is expensive, and may be unsuccessful. Therefore, a rapid, sensitive diagnostic test for listeriosis is needed.
Immunohistochemical diagnosis of listeriosis has been reported in mice, chicken, sheep, and cattle using rabbit polyclonal anti-Listeria antiserum and the peroxidase-antiperoxidase technique.'-' This procedure has been suggested as a rapid diagnostic test for listeriosis2 but has not been widely implemented because of the required production of the primary antiserum. The work reported here used commercially available reagents with a more sensitive avidin-biotin immunoperoxidase technique5 and evaluated the usefulness of the procedure on both retrospective and prospective cases of naturally occurring listeriosis.
Serotypes 1/2a and 4b are the predominant Listeria serotypes isolated from pathogenic material of animals and humans, and therefore identification of other serotypes is not considered necessary for routine diagnostic purpose^.^ Commercially available rabbit polyclonal antiserum against L. monocytogenes (Listeria 0 antiserum poly, serotypes 1 and 4, DIFCO, Detroit, MI, order #2302-50-1) was used as the primary antibody at 1 : 250. A commercially available streptavidin-biotin immunoperoxidase staining kit (Biogenex, San Ramon, CA) utilizing biotinylated goat anti-rabbit immunoglobulin as the secondary antibody and 3-amino-9-ethylcarbazole as the chromogen was used following manufacturer's instructions. Formalin-fixed brain tissue with histologic lesions of listeriosis from a sheep from which L. monocytogenes had been isolated in pure culture was used to titer the primary antibody and develop the technique. Specificity of staining was confirmed by loss of staining following absorption of primary anti-Listeria antibody with formalinkilled cultures of L. monocytogenes. Negative controls consisted of 1) a nonimmune primary antibody (normal rabbit serum) applied to Listeria-infected brain tissue samples and 2) positive antiserum applied to a negative tissue sample (formalin-fixed brain tissue from a sheep with histologic evidence of encephalitis but no microabscesses and negative Listeria culture).
Positive results in immunohistochemically stained sec-tions of brain from confirmed cases of listeriosis were characterized by prominent, predominantly intracellular, deep red staining punctate foci of various sizes primarily present in neutrophils and macrophages within microabscesses and foci of necrosis ( Figs. 1-3 ). In sections lacking necrosis, positive punctate intracellular staining was present in only a few cells within some but not all multifocal accumulations of macrophages. Negative controls showed no staining. Retrospective evaluation of confirmed and suspected cases of listeriosis was then initiated using case materials from the Cornell University pathology service. Formalin-fixed sections of brain from 15 confirmed cases (histologic lesions suggestive of listeriosis and isolation L. monocytogenes) and eight suspected cases (histologic lesions suggestive of listeriosis and negative bacterial culture) were evaluated. Confirmed cases included material from seven cows, six goats, one sheep, and one llama. Suspected cases included material from four cows, three sheep, and one goat. Paraffin-embedded tissue blocks were up to 10 years old. Retrospectively, immunohistochemical evaluation revealed positive staining in 14 of 14 confirmed cases and three of 8 suspected cases. Positive staining was prominent and easily discernable in 11 of the 15 confirmed cases and one of the suspected cases. Positive staining was less florid in three of the 15 confirmed cases and two of the suspected cases, being present in only a few multifocal accumulations of macrophages. With the exception of two cases, necrosis or microabscess formation was not prominent in the negatively staining and less florid positive cases. Immunohistochemical staining of brain sections was negative in four bovine cases with histologic lesions of polioencephalomalacia and negative culture for Listeria.
Sensitivity of streptavidin-biotin versus peroxidase-antiperoxidase (PAP) immunoperoxidase staining techniques was evaluated. Five slides with less florid staining and two slides with prominent staining by the streptavidin technique were stained using the same primary antibody and commercial PAP reagents (Biogenex, San Ramon, CA) and standard technique. The PAP technique resulted in positive staining in both slides with prominent staining patterns and one of five slides with less florid staining. Streptavidin-biotin immunoperoxidase is a more sensitive technique than PAP for identification of Listeria antigens in formalin-fixed tissues.
Prospectively, immunohistochemical staining of formalinfixed, paraffin-embedded brain sections from cases at North Carolina State University showed positive results in three of three confirmed cases of listeriosis in goats. Immunohistochemical staining was positive in two of three goats and negative in one goat and one cow with histologic lesions of listeriosis and negative bacterial isolation for Listeria at 12 weeks.
In summary, immunohistochemical staining of formalin-fixed, paraffin-embedded brain sections for L. monocytogenes from retrospective and prospective cases using commercially available reagents identified I7 of 18 confirmed cases of listeriosis and five of 12 suspected cases. Immunohistochemical techniques were very sensitive in cases from which Listeria was isolated and identified several cases with histologic lesions from which isolation was negative. Possible reasons for negative culture results could be suboptimal sample collection or handling, low numbers of bacteria present, or the inherent difficulties ofculture and isolation ofL. monocytogenes. Immunohistochemistry may therefore be a more sensitive technique for diagnosis of listeriosis than is bacterial isolation.
These findings indicate that streptavidin-biotin immunoperoxidase staining for L. monocytogenes in formalin-fixed, paraffin-embedded tissue sections of brain is an accurate and specific technique that can be used for the rapid diagnosis of listeriosis. Selection of tissue sections is important; immunostaining for L monocytogenes is best visualized in microabscesses and areas of necrosis. Multifocal accumulations of macrophages should be carefully evaluated for less prominent positive staining. Although isolation of L. monocytogenes will most likely remain the definitive criteria for diagnosis of listeriosis, immunohistochemical staining is useful when rapid results are needed or for circumstances in which bacterial isolation is impractical, not feasible, or unrewarding. This technique has the added advantages of using all commercially available reagents and works for retrospective studies on formalin-fixed tissue. Fig. 1. Brain stem; sheep. Prominent, dark, punctate, mostly intracellular staining identifies L. monocytogenes in an area of necrosis within a microabscess. Primary antibody was a commercial polyclonal rabbit antiserum against listeria 0 antigen, serotypes 1 and 4. Streptavidin-biotin immunoperoxidase method, aminoethylcarbazole chromogen, Mayer's hematoxylin counterstain. Bar = 13 pm.
Brain stem; sheep. Negative control of Fig. 1 using same technique with normal rabbit serum as the primary antibody. No positive staining is seen. Bar = 13 pm.
Brain stem; goat. Less numerous dark, punctate, intracellular staining in random cells within a focal aggregation of macrophages identifies L. monocytogenes. Primary antibody was a commercial polyclonal rabbit antiserum Islet amyloid polypeptide (IAPP) is a recently discovered, 37 amino acid, carboxy-terminally amidated polypeptide that is the major protein component of pancreatic islet amyloid (IA).I0 IAPP is a normal product of the pancreatic beta cells in many species and is copackaged and cosecreted with in-s~l i n .~.~ Although IAPP is a novel polypeptide, it has about 45% amino acid similarity calcitonin gene-related peptide, a secretory product of thyroid C-cells and peripheral and central neurons.l0
Deposition of IAPP-derived IA is closely linked to the development of non-insulin-dependent (NIDDM, type 2 or age-associated) diabetes mellitus in domestic cats, human beings, and macaque species.* Thus, IA occurs in over 90% of human beings with NIDDM, in over 80% of adult diabetic cats, and in over 90% of adult diabetic macaques, whereas the incidence of IA in age-matched nondiabetic controls is significantly lower. The pathogenesis of IA formation and the genetic defect(s) that links the deposition of IAPP-derived IA with the development of diabetes mellitus are subjects of ongoing investigations.
Although the chromosomal localization of the IAPP gene has been determined in human beings, it has not been determined in any other species. Therefore, to increase our understanding of the genetics of feline diabetes mellitus and to provide data for potential gene linkage studies, we undertook the present study to determine the chromosomal localization of the feline IAPP gene.
Chromosomal assignment of the feline IAPP gene was achieved using the polymerase chain reaction (PCR) technique of DNA amplification. The method employed the use of a panel of 38 previously characterized cat-rodent hybrid cell lines, each of which contained a subset of feline chromosomes in addition to the rodent The feline chromosomal content of each of the 38 cell lines was confirmed by means independent of the presence or absence of IAPP signal in a given hybrid cell In instances where the presence of a particular feline chromosome could not be unequivocally confirmed in a hybrid cell line, that particular cell line was dropped from the analysis of IAPP chromosomal assignment for that feline chromosome. Genomic DNA was isolated from each cell line as previously Oligonucleotide primers for PCR were synthesized on an Applied Biosystems 39 1 DNA Synthesizer (Foster City, CA). The sequences of the PCR primers used in this study were designed (based upon feline IAPP cDNA sequence) to produce a reaction product of 189 base pairs. The primers had a base sequence as follows: 5' CTAGAGGTACATT-GACCTCT 3' (corresponding to the first seven codons in the 3' untranslated region downstream of feline prepro-IAPP) and 5' AAATGCAACACTGCCACATG 3' (corresponding to codons 34-40 of feline prepro-IAPP). PCR conditions were initially optimized using feline (positive) and mouse (negative) genomic DNA. These conditions resulted in specific amplification of feline IAPP DNA and did not amplify
